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Abstract
Using forced air convection systems to heat and cool buildings is outdated. Innovations in
technology have made way for more efficient and less disruptive methods of providing
occupant comfort in the built environment. Rather than continuing to use convective heat
transfer to change building temperatures, radiant heat transfer systems have been developed
which demand less energy, promote thermal comfort for occupants, and are just as
compatible with smart systems that use machine learning to adapt to patterns in occupant
usage to optimize heating and cooling. A numerical model of these ingenious systems will be
developed to convey the advantages of a radiant heating and cooling system over a
convective one.
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Results

Methods
Radiative Heat Transfer

Simulink Model

The rate of radiative heat transfer between two surfaces is a function of the area of one
surface, the configuration factor from surface 1 to 2, the Stefan-Boltzmann constant, and the
temperature of each surface in Kelvin. As the difference between the two surface
temperatures’ increases, the rate of heat transfer also increases. Radiative heat flow is
linearly correlated with one surface’s area, configuration factor, and the difference between
the fourth power of each surface temperature.

One Simulink model was developed to represent the radiative heat transfer equation.
Adjustable parameters were set to be the area of one surface, configuration factor between
the two surfaces, and the temperatures for each body. The result was the radiative flow
between each body as well as the net radiative heat flow. As expected, the heat flow in the
simulation with the greater temperature gradient was higher than the simulation with a
smaller temperature difference because each term was amplified to the fourth power before
taking the difference. This model is merely a start to a larger process of modelling radiative
heat transfer. When compared to an experimental table of results, the output values are
accurate, with minor differences possibly because of rounding.
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𝑄1−2 = 𝐴1 𝐹1−2 𝜎(𝑇1 − 𝑇2 )
Equation 1: Radiative heat transfer between two blackbodies

Introduction
Background
The United Nations Environment Program states that buildings and their construction make
up 36% of global energy use and 39% of annual energy-related carbon dioxide emissions.
Current methods of forced air convection installed in buildings is old technology. Using heat
transfer physics, radiant heating and cooling systems take advantage of heat transfer through
thermal radiation, requiring less of a temperature difference between substances for
effective heating and cooling. This is an attempt to model these radiative heat transfer
systems and prove that they are more efficient than the current forced air systems that have
been in place since 1935.

Convective Heat Transfer
The rate of convective heat transfer between two surfaces is a function of the convective heat
transfer coefficient, the area of one of the surfaces, and the temperature of each surface in
Kelvin. This flow is linearly correlated with the convective heat transfer coefficient, the area of
the surface, and the difference between the two temperatures. The convective heat transfer
coefficient has units of watts per meter squared Kelvin.

𝑄ሶ 1−2 = 𝑘𝐴1 (𝑇1 − 𝑇2 )

Figure 6: Simulink model of radiative heat transfer from 40°C
to 20°C

Equation 2: Convective heat transfer between two bodies by means of fluid motion

Numerical Analysis
What is a Radiant Cloud?
Radiant clouds are heating and cooling panel systems that use radiative heat transfer to
increase or decrease the temperature of surfaces in line-of-sight to alter room temperatures.
These systems are composed of thin tubes in a serpentine formation winding around a panel
hung from the ceiling of a room. These narrow tubes have varied temperature water flowing
through them depending on whether the system is set to heat or cool the environment. By
utilizing the concept of radiative heat transfer to heat and cool a room, these systems can
better maintain levels of thermal comfort by not disrupting natural ventilation patterns the
way that forced air convection systems do. Additionally, by using water to transfer heat with
the room instead of air, the water pumped does not need to have as significant of a
temperature difference from the room compared to air. This is because water has a higher
thermal conductivity than air, meaning that it absorbs and emits heat better than air, making
radiant cloud systems less energy intensive than forced air convection systems.

Comparing Equations 1 and 2 shows that temperature is the most significant factor when it
comes to the rate of heat transfer between two surfaces. The radiative heat transfer equation
requires less of a temperature difference between surfaces compared to the convective heat
transfer equation since the temperature values in radiative heat transfer are both magnified
to the fourth power.
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4.7 W
30 W

Figure 7: Simulink model of radiative heat transfer from 25°C
to 20°C

𝑸ሶ 𝒓𝒂𝒅𝒊𝒂𝒕𝒊𝒐𝒏 (𝒃𝒍𝒂𝒄𝒌 𝒃𝒐𝒅𝒚)

29 W
126 W

𝑸ሶ 𝒓𝒂𝒅𝒊𝒂𝒕𝒊𝒐𝒏 1 → 2

447 W
544 W

𝑸ሶ 𝒓𝒂𝒅𝒊𝒂𝒕𝒊𝒐𝒏 2 → 1

418 W
418 W

Thermal Comfort
Using radiant heat transfer in a heating and cooling system must not only provide adequate
room temperatures, but also comply with standards such as ASHRAE 55 and ISO 7730 to
achieve acceptable conditions of thermal comfort for building occupants. Thermal comfort is
measured by parameters of “temperature, thermal radiation, humidity, airspeed, activity level
(metabolic rate), and occupant clothing (degree of insulation).”

System Description
The system uses hydraulic tubes to maintain a surface at a designated temperature. Through
line-of-sight, the surface emits thermal radiation in all directions, transferring heat between
all visible surfaces in the environment.

Figure 2: Thermal comfort ranges abiding by ASHRAE 55
parameters at 1.1met
https://www.simscale.com/blog/2019/08/what-is-ashrae-55thermalcomfort/#:~:text=Compliance%20With%20ASHRAE%20Standard
%2055,0.5%20on%20the%20PMV%20scale.

Discussion
Next Steps
•
•
•
•

Develop Simulink model for radiative heat transfer between multiple surfaces
Develop a MATLAB experimental design to verify numerical model with experimental data
Compare energy demand of radiant cooling to forced air convection systems
Research more into applications of radiant heating and cooling technology in other areas
around the world
• Research ideal climate for buildings to implement radiant cloud technology
• Model a radiant cloud system and measure change in surface temperature over time and
energy cost for different seasons and building usage
• Research the effectiveness and feasibility of other heating and cooling systems and
compare them to radiant technology

Figure 3: Ranges of temperature where heating or cooling is
required to reach thermal comfort levels
http://www.thermopedia.com/content/603/

Figure 8: Graph depicting the payback and energy savings potential of alternative technologies that contribute to the heating and cooling of
built environments https://escholarship.org/uc/item/3j52t8vz

Figure 1: Diagram displaying the heating and cooling processes using radiative heat transfer and thermal radiation
https://radiantcooling.com/how-radiant-ceiling-works/

Motivation
Assessment of Radiant Heating and Cooling Potential
One motive for conducting this research is to assess the potential of radiant heating and
cooling. As a singular system that is capable of both heating and cooling, it is more space
efficient and prevents the potential waste of energy by having both a heating and cooling
system running simultaneously. By using a simulated radiant cloud to assess radiant heating
and cooling of a building, buildings located in a range of climates intended for various uses
can be analyzed to determine the potential savings of implementing a radiant heating and
cooling system.

Comfort Analysis
Currently, many buildings utilize a heating and cooling system that forces hot or cold air into
rooms. The convective energy flow through air then determines whether the room heats up
or cools down. To accomplish this, the air must be heated to a significantly higher or lower
temperature to change the environment to achieve thermal comfort. On the other hand,
radiant heating and cooling involves the flow of water through a radiating surface to cause
energy flow to or from other surfaces in a room until it reaches equilibrium. The process of
radiant heating and cooling not only requires a smaller difference in temperature from the
room but is also capable of accomplishing thermal comfort without disrupting natural air
flow, which is another factor of thermal comfort.

Figure 4: Metabolic rates corresponding with different levels of
activity https://www.simscale.com/blog/2019/08/what-isashrae-55-thermalcomfort/#:~:text=Compliance%20With%20ASHRAE%20Standard
%2055,0.5%20on%20the%20PMV%20scale.

Simulink Representation
Ideally, a Simulink representation would be developed with customizable parameters of
outdoor and indoor temperature, desired temperature, and radiant cloud surface area. For a
preliminary model, radiant cloud surface area could be assumed to be a 1 unit. The outputs
from this model would be a scope of current room temperature over time, heat transfer by
convection over time and by radiation over time, and total heat transfer over time. The
Simulink model would then be verified using Table 1, achieving the recorded values to
confirm the model’s accuracy.

Sustainability
Radiant cloud systems are a simple step towards a more sustainable building. Since these
systems heat and cool water that flows through a panel to radiatively heat surfaces, the room
itself changes temperature to match the radiant cloud surface temperature rather than just
the air in the room. Water is more thermally conductive than air, meaning that water flowing
through the radiant cloud requires less energy to heat it to a higher temperature to be
effective. Compared to conventional convective heating and cooling of air, radiant heating
and cooling has a lower energy demand to work, saving energy and therefore saving money.

Figure 5: Graph depicting the predicted mean vote (PMV) by the
predicted percentage dissatisfied (PPD)
https://www.simscale.com/blog/2019/08/what-is-ashrae-55thermalcomfort/#:~:text=Compliance%20With%20ASHRAE%20Standard
%2055,0.5%20on%20the%20PMV%20scale.

http://doas-radiant.psu.edu/7-5.pdf

Figure 9: Visual representation of how thermal radiation transfers heat across a temperature gradient between two surfaces
http://www.thermopedia.com/content/603/
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